A unicellular blue-green alga, Agmenellum quadruplicatum, and a filamentous blue-greeen alga, Lyngbya lagerheimli, were grown heterotrophically in dim light with glucose as major source of carbon and possibly energy. The dim-light conditions did not support autotrophic growth. The two blue-green algae appeared to have the same metabolic block, namely an incomplete tricarboxylic acid cycle, as has been found in other obligately phototrophic blue-green algae. Under dim-light conditions, glucose made a greater contribution to cell constituents (amino acids) of A. quadruplicatum and L. lagerheimii than under high-light conditions.
Many eucaryotic algae can grow heterotrophically in the dark. In some cases the rates of heterotrophic growth in the dark are comparable to the rates of autotrophic growth in the light (15) . However, most blue-green algae appear to be obligate phototrophs and are unable to grow heterotrophically in the dark (2, 4, 5, 10) . Although a few blue-green algae were grown heterotrophically in the dark (1, 8, 11, 18) , in all cases the growth rates were extremely low. Radioactive tracer techniques clearly established that many blue-green algae can assimilate organic compounds in the light (3, 16) . Nevertheless, bluegreen algae display a limited heterotrophy: organic compounds never make a major contribution to newly synthesized cell carbon (16) . This limited heterotrophy is attributable to specific biochemical deficiences (3, 4, 16) . Despite a limited heterotrophy, it has been customary to regard blue-green algae as "obligate photoautotrophs" and a biochemical basis for obligate autotrophy in blue-green algae has been proposed (16) .
Blue-green algae are widely distributed in nature and seem to grow, or remain viable, under low-light intensities which would not seem favorable for photoautotrophic growth. Moreover, blue-green algae frequently develop in lakes which are relatively highly polluted with organic matter (2) . A strain of Nostoc muscorum grew heterotrophically on glucose very slowly in complete darkness, and grew somewhat better at very low-light intensities which did not support autotrophic growth (11) . Growth of some chrysomonads and diatoms is stimulated by organic compounds at low-light intensities (12) . We have therefore examined heterotrophic growth of bluegreen algae at low-light intensities. This paper establishes that two blue-green algae grow heterotrophically at low-light initensities which do not support autotrophic growth.
MATERIALS AND METHODS
Organisms. Agmenellum quadruplicatum strain PR-6 and Lyngbya lagerheimii strain Montauk were isolated by Van Baalen (17) . They will be referred to by their strain designations.
Media. Both organisms were grown on a modified synthetic marine medium ASP-2 containing vitamin B12 (2 Ag/liter) (13, 17) . The nitrate nitrogen source was supplemented with NH4CI (50 mg/liter). Organic compounds were sterilized by filtration (Morton Bacterial Filter; Corning no. 92350) and added aseptically to the media.
Growth conditions. Organisms were grown photosynthetically in test tubes (10) containing 20 ml of medium. Cultures were gassed continuously with 1% (v/v) CO2 in air. Montauk was grown at 30 C, PR-6 at 39 C. Illumination was provided by four 20-w deluxe cool white lamps (two on each side of the water bath) at 7.5 cm from the test tubes. The light intensity measured at the level of the culture tubes was 350 ft-c. In the dim-light experiments, illumination was as follows. A single 60-w lumiline bulb was placed 34 cm from the test tubes. The front of the water bath was screened by two pieces of white bond paper, and the back and sides were light tight. Thermopile measurements (Kipp and Zonen CA-I Thermopile and Keithley 150 B Microvolt-Ammeter) at the position of the test tubes recorded 40 Uw/cm2 (equivalent to 10 ft-c). The actual light intensity "seen" by the cells is better defined by the lower dim-light curve of Fig. 1 Radioactive experiments. Sodium acetate-J-'4C, sodium pyruvate-U-_4C, and glucose-U-14C were purchased from New England Nuclear Corp.
Incorporation of radioactive organic compounds. Basal media (20 ml per tube) were supplemented with uniformly labeled '4C-glucose (1.3 uCi, 55 gmoles/ml).
Three tubes were run in parallel under dim light, and the contents of the tubes were pooled for analysis. Two tubes were run in parallel at the higher light intensity. was investigated in these two microorganisms.
Cultures were grown with t4C-glucose at high and low intensities. Cultures were harvested after the incubation periods shown (Table 3 ) and the extent of 14C incorporation was determined ( Table  4 ). The specific activities of some amino acids of the cell proteins are shown in Table 5 . Two-dimensional chromatograms of protein hydrolysates were exposed to X-ray film. In both PR-6 and Montauk, under both high-and low-light intensities, glucose-U-14C was incorporated into all of the amino acids of cell proteins.
Incorporation of t4C-acetate and of 4C-pyruvate. Most blue-green algae are obligate phototrophs, and they have been found to assimilate organic compounds such as acetate and pyruvate into only a limited number of cell constituents (3, 14, 16) . Cultures PR-6 and Montauk were grown in the presence of acetate-]J_4C and, pyruvate-U-14C. Cells were fractionated as described in the methods, and the cell residues were hydrolyzed. Amino acids in the hydrolysates were resolved by high-voltage paper electrophoresis and paper chromatography techniques, and radioactive amino acids were identified by radioautography (3) . Qualitatively, the results were clear and unequivocal. In both and Montauk, the patterns of incorporation were the same as has been found in other obligately phototrophic blue-green algae (3, 4, 16) . Acetate and pyruvate were not incorporated into the aspartic acid family of amino acids. Thus, although PR-6 and Montauk grow slowly under heterotrophic conditions in dim light, they appear to have the same metabolic deficiencies which exist in other strictly phototrophic blue-green algae (3, 4, 16 
